Abstract Purpose: The intracranial venous sinuses are thought to lie interdurally, circumferentially contacting the dura maters. There has been no report documenting the cerebrospinal fluid spaces intervening between the venous sinuses and overlying dura mater. Here, we explored such structures using magnetic resonance imaging. Methods: A total of 206 patients underwent magnetic resonance imaging with a T2-weighted or constructive interference steady-state sequence. Imaging data were analysed on a workstation. Results: The peri-superior sagittal sinus cerebrospinal fluid spaces were identified in 100% of 133 patients who underwent coronal and sagittal T2-weighted imaging and in 98.6% of 73 with a constructive interference steady-state sequence. Among the 205 patients, the cerebrospinal fluid spaces were distributed over the frontoparietal region in 84% and the parietal region in 16%. On sagittal sections performed for 58 patients, the cerebrospinal fluid spaces were identified between the superior sagittal sinus and overlying dura mater. The peri-sinus spaces were found in 91% of the identified transverse sinuses, 29% of the straight and 70% of the occipital sinuses. The peri-superior sagittal sinus cerebrospinal fluid spaces were classified into five distinct appearances. The circumferential type was the most predominant and was found in 68.7%, followed by lateral in 10.2%, lateral plus inferior in 7.5%, lateral plus superior in 6.8% and superior in 6.8%. Conclusions: The intracranial venous sinuses do not circumferentially contact with the dura maters. Instead, they are adjacent to the cerebrospinal fluid spaces intervening between the walls and overlying dura maters. These spaces are critical when considering tumour extensions contralateral to the superior sagittal sinus and safe surgical manoeuvres around it.
Introduction
In general, the intracranial venous sinuses are thought to lie interdurally, circumferentially contacting the dura maters. These sinuses can be affected by diverse pathologies including parasagittal meningiomas, thrombosis and dural arteriovenous fistulas, and they have been the focus of many clinicians. [1] [2] [3] [4] [5] [6] [7] Consequently, the venous sinuses, especially the superior sagittal sinus (SSS) has been extensively explored. The external morphology of the SSS has been examined in cadaveric specimens or contrast examinations with computed tomography scans, magnetic resonance imaging (MRI) and angiography. [8] [9] [10] [11] Its internal anatomy has also been explored with the aid of endoscopy or microscopy. [12] [13] [14] Furthermore, anatomical relationships between the sagittal suture and SSS or the dura mater underlying the sagittal suture have been investigated using craniometric methods. 15, 16 However, to our knowledge, there has been no report documenting the existence of cerebrospinal fluid (CSF) spaces intervening between the intracranial venous sinuses and overlying dura maters.
The present study aimed to delineate such CSF spaces using MRI, with considerations of their clinicopathological implications.
Materials and methods
The present retrospective study included 206 patients who presented to our hospital on an outpatient basis between August 2010 and December 2014.
These patients presented with headache, dizziness, tinnitus, hearing disturbance, hemisensory disturbance and seizure. The patient population consisted of 101 men and 105 women with a mean age of 51 years (range 9-81 years). Initial examinations using axial T1-weighted and T2-weighted images, T2-gradient echo, fluid-attenuated inversion recovery and diffusion-weighted sequences confirmed that none of the 206 patients had any signs of: a previous craniotomy; venous sinus thrombosis in the superior sagittal, transverse, straight and occipital sinuses; intracranial haemorrhage; cerebral infarction; traumatic brain injury; hydrocephalus; or intracranial tumours. The patients then underwent imaging examination with thin-sliced, a coronal or sagittal T2-weighted sequence, or a coronal constructive interference steady-state (CISS) sequence involving the whole cranial vault, which had been selected on the basis of their presenting symptoms and findings on the initial MRI. A T2-weighted sequence was performed in 133 patients, coronal sections in 75 patients and sagittal sections in 58. ; and scan duration, 5 minutes 30 seconds. All imaging sequences were performed using a 3.0T magnetic resonance scanner (Achieva R2.6; Philips Medical Systems, Best, the Netherlands).
Imaging data were transferred to a workstation (Virtual Place Lexus 64, 64 edition; AZE, Tokyo, Japan) and independently analysed by two of the authors (ST and YY: both of whom had more than 15 years' experience as board-certified neurosurgeons).
The present study was performed in accordance with the guidelines of our institution regarding human research. Written informed consent was obtained from all patients prior to their participation in this study.
Results
The peri-SSS CSF spaces were identified in 100% (133/ 133) of the patients who underwent coronal and sagittal T2-weighted imaging and in 98.6% (72/73) of them with a CISS sequence. Among the 205 patients, the CSF spaces were found to distribute over the frontoparietal region in 173 (84%) and the parietal region in 32 (16%).
Sagittal sections
On mid and parasagittal sections performed for 58 patients, the CSF spaces appeared as linear intensities intervening between the upper wall of the SSS and overlying dura mater. Compared to the frontal region, these spaces were more prominent and thicker in the parietal region. The spaces tapered both in the anterior frontal and posterior parietal regions and were not identified further distally (Figure 1 ). The entire course of the transverse, straight and occipital sinuses were delineated in 58 (100%), 58 (100%) and 10 patients (17%), respectively. The peri-sinus CSF spaces were also found in these sinuses, which appeared as linear intensities on the ventral surface of the straight sinus and on the ventral and dorsal surfaces of the transverse and occipital sinuses (Figure 2 ). These were delineated in 53 (91%) of the identified transverse sinuses, 17 (29%) of the straight sinuses and seven (70%) of the occipital sinuses, respectively (Table 1) .
Coronal sections
On coronal sections performed for 148 patients, the CSF spaces adjacent to the SSS showed variable appearances at any regions of the cerebral convexity, while they had frequent appearances depending on the regions. In the anterior and middle frontal regions, these spaces frequently surrounded the round or oval SSS in a circumferential manner or only lateral sides of it (Figure 3(a) and (b) ). In 6%, the dural canal transmitting the SSS was filled with the CSF in the anterior frontal region, where the SSS segment was absent (Figure 3(a) ). In the posterior frontal and anterior parietal regions, the CSF spaces showed the most diverse appearances around the SSS with round, oval, inverted triangular and irregular contours (Figure 3(c) to (f) ). Some SSS segments in these regions were found to connect to the bridging veins thorough dural defects (Figure 3(c) and (e)), located eccentrically in the dural canal (Figure 3(d) ), and were composed of multiple channels (Figure 3(f) ). In the middle parietal region, the CSF spaces frequently surrounded the SSS in a circumferential manner (Figure 3(g) ). Neither the SSS portion distal to the posterior parietal region, transverse, straight, nor occipital sinus was consistently delineated on the coronal T2-weighted or CISS sequence. Delineated peri-SSS CSF spaces were classified into the following five distinct appearances based on the dimension and location of the SSS in the dural canal: the circumferential, lateral, lateral plus inferior, lateral plus superior and superior types. The circumferential type was the most predominant among scanned images in 68.7% of the patients, followed by the lateral type in 10.2%, lateral plus inferior in 7.5%, lateral plus superior in 6.8% and superior in 6.8% (Figure 4) .
Discussion
In the present study, the peri-SSS CSF spaces were identified in almost all of the examined patients. In more than 80% of the patients, these spaces were distributed over the frontoparietal region. These CSF spaces were also found adjacent to the transverse, straight and occipital sinuses. On coronal sections, the peri-SSS CSF spaces showed variable morphologies with defects in the surrounding dura maters, particularly in the posterior frontal and anterior parietal regions. These spaces were classified into five distinct appearances based on the dimension and location of the SSS in the dural canal. These findings were not documented in previous studies. The main reason may be that they were derived from the methodology adopted for observing the venous sinuses. At surgeries and cadaver dissection, the peri-sinus CSF spaces were already collapsed for CSF escape and were not identified at the observation. However, these potential spaces are assumed to be critical in clinical settings. Through dural defects and peri-SSS CSF spaces, parasagittal meningiomas may easily extend to the contralateral side of the SSS. As the dura mater overlying the SSS has potential defects, particularly in the posterior frontal and anterior parietal regions, careful surgical manoeuvres are needed around these segments of the SSS that may be covered by a defective dural sheath. In the present study, the dural canal transmitting the SSS was filled with CSF at the anterior frontal region in 6% of the patients who underwent coronal sections. This finding supports the outcome of a previous study with angiography that showed that bilateral hypoplastic SSS was found in 3% of the examined patients. In the anterior and middle frontal regions, the CSF spaces frequently surround the SSS in a circumferential manner or only lateral sides of it (a, b). In 6%, the dural canal transmitting the SSS is filled with the CSF at the anterior frontal region with absent SSS segment in it (a). In the posterior frontal and anterior parietal regions, the peri-SSS CSF spaces show the most diverse appearances. Some SSS segments in these regions are found to connect to the bridging veins thorough dural defects (c, e), located eccentrically in the dural canal (d), and composed of multiple channels (f). In the middle parietal region, the CSF spaces frequently surround the SSS in a circumferential manner (g). BV: bridging vein; D: dura mater; FC: falx cerebri; Arrow in (a): dural canal absent from the SSS segment and filled with the CSF; Asterisks: lumen of the SSS. In contrast, the discrepancy between the length of the SSS and dural canal transmitting it may be contradictory to the hypothesis that the growth of the dura mater under the sagittal suture and the SSS are closely related. 15 Further exploration is needed for a better understanding of the SSS and transmitting dural canal.
The retrospective nature of the present study is a limitation because participants were not randomly assigned to the imaging groups. The patient cohort comprised three populations with different compositions and sizes. Furthermore, patients of these three populations underwent different imaging examinations with a T2-weighted imaging or CISS sequence. CISS is a gradient echo magnetic resonance sequence that is used to investigate a wide range of pathologies when routine sequences do not provide the desired anatomical information. The increased sensitivity of CISS sequencing is an outcome of the accentuation of the T2 values between the CSF and pathological structures. In the present study, T2-weighted and CISS sequences equally delineated the CSF spaces adjacent to the SSS. However, despite these limitations, we believe that the results of the present study provide a clue for better understanding of the physiopathological implications of the peri-sinus CSF spaces.
Conclusions
The intracranial venous sinuses do not circumferentially contact with the dura maters. Instead, they are adjacent to the CSF spaces intervening between the walls and overlying dura maters. These spaces are critical when considering tumour extensions contralateral to the SSS and safe surgical manoeuvres around it.
